The elk or wapiti (Cervus elaphus) and bison (Bison bison) of Yellowstone National Park have lived in an environment free of wolves (Canis lupus) for the last 50 years. In the winter of 1994-1995, wolves were reintroduced into parts of Yellowstone National Park. Foraging theory predicts that elk and bison would respond to this threat by increasing their vigilance levels. We tested this prediction by comparing vigilance levels of elk and bison in areas with wolves with those of elk still in "wolf-free" zones of the Park. Male elk and bison showed no response to the reintroduction of wolves, maintaining the lowest levels of vigilance throughout the study (≈12 and 7% of the time was spent vigilant, respectively). Female elk and bison showed significantly higher vigilance levels in areas with wolves than in areas without wolves. The highest vigilance level (47.5 ± 4.1%; mean ± SE) was seen by the second year for female elk with calves in the areas with wolves and was maintained during the subsequent 3 years of the study. As wolves expanded into non-wolf areas, female elk with and without calves in these areas gradually increased their vigilance levels from initially 20.1 ± 3.5 and 11.5 ± 0.9% to 43.0 ± 5.9 and 30.5 ± 2.8% by the fifth year of the study, respectively. We discuss the possible reasons for the differences seen among the social groups. We suggest that these behavioural responses to the presence of wolves may have more far-reaching consequences for elk and bison ecology than the actual killing of individuals by wolves. Les Wapitis et bisons mâles n'ont montré aucune réponse à la réintroduction du loup, maintenant leur vigilance au niveau le plus bas rencontré pendant l'étude (≈12 et 7 % du temps de vigilance). Les Wapitis et bisons femelles ont montré une vigilance significativement plus importante dans les zones avec loups que dans les zones sans loups. Nous avons rencontré le niveau de vigilance le plus haut (47,5 ± 4,1 %; moyenne ± erreur type) dès la 2 e année dans la zone avec loups chez les Wapitis femelles avec des petits. Celles-ci ont maintenu ce niveau durant les 3 années suivantes de l'étude. À mesure que les loup sont gagné les zones qu'ils n'occupaient pas au début de l'étude, les niveaux de vigilance des Wapitis femelles vivant dans ces zones, avec ou sans petit, peu à peu, de leurs valeurs initiales respectives de 20,1 ± 3,5 et 11,5 ± 0,9 % à des valeurs de 43,0 ± 5,9 et 30,5 ± 2,8 % atteintes au cours de la 5 e année de l'étude. Nous discutons ici des raisons qui peuvent expliquer les différences observées entre les groupes sociaux. Nous croyons que ces réactions comportementales liées à la présence des loups affectent beaucoup plus l'écologie de le Wapiti et du bison que la perte directe des individus chassés par les loups.
Introduction
For the past 50 years, elk or wapiti (Cervus elaphus) and bison (Bison bison) of Yellowstone National Park, Wyoming, U.S.A., have lived in an environment free of wolves (Canis lupus) (Meagher 1973; Weaver 1978; J.W. Laundré, unpublished data) . Principal predation risks were from grizzly bears (Ursus horribilus), which prey primarily on elk in spring and mostly on young of the year. Coyotes (Canis latrans) threaten only the very young calves of elk, and mountain lion (Puma concolor) predation occurs primarily in more mountainous areas. However, in winter 1994 However, in winter -1995 wolves were reintroduced into the Park, where they formed several packs (J.C. Halfpenny and D. Thompson, unpublished data). The structure of wolf packs makes wolves effective predators on adult elk, and current studies indicate that they can pose a predation threat to bison, especially to females with calves (Carbyn and Trottier 1987) . This reintroduction, then, represented a significant increase in predation risk to elk and bison. Consequently, it is of interest to determine the impacts of this reintroduction on these two species.
Aside from the obvious impact of wolves directly killing individuals (lethal effects), there is growing evidence that predators can have significant nonlethal impacts on their prey (Kotler and Holt 1989; Brown and Alkon 1990; Brown 1992) . Predators scare their prey , and not just when they are about to attack. Even in the absence of imminent attack, prey should maintain a baseline level of apprehension because of the constant possibility or risk of predation . Additionally, this baseline risk can vary over space and time, e.g., risky versus safe habitats or times of day (Brown and Alkon 1990; Brown 1992; Kotler et al. 1994; Brown et al. 1999) . How, then, do animals respond to these changing levels of risk?
Foraging theory predicts that animals will sacrifice feeding effort to reduce this predation risk (Sih 1980; Kotler et al. 1994; Lima and Dill 1990) . They do so by either reducing their time spent foraging and (or) increasing their level of vigilance while foraging in riskier areas (Brown 1999) . Large ungulate species and their predators are behaviorally sophisticated animals and should rely heavily on behavioral responses, i.e., vigilance, to nonlethal predation risk . Indeed, various authors (Underwood 1982; Lagory 1986; Scheel 1993; Bednekoff and Ritter 1994; Molvar and Bowyer 1994) have shown this to be the case for a variety of ungulate species. As predicted, when animals are in riskier habitat or even in riskier areas (edges) within a group, they respond with increased vigilance. Thus, data suggest that as animals move about the physical landscape they are constantly adjusting their behavior in response to changing levels of predation risk. We can envision, then, that prey individuals live in a second landscape, one with differing levels of risk or fear of predation: a "landscape of fear." The topographic "hills" and "valleys" of this landscape represent the differing base levels of predation risk, e.g., edges versus open areas. Further, the baseline topography of this landscape for a specific prey species will depend on its particular predator or predators and factors such as encounter rate with a predator (e.g., group edges), predator lethality (e.g., dense habitat), and the effectiveness of vigilance (e.g., group vigilance) (Brown 1999; Brown et al. 1999) .
What happens to this landscape, however, when a new predator is introduced, or in this case reintroduced? Based on foraging theory, a reasonable prediction is that base vigilance levels of elk and bison would increase initially in response to the added predation risk posed by wolves. However, because an animal cannot devote all its time to vigilance, we further predict that over time, vigilance would eventually stabilize at some higher level. This level would represent the new equilibrium between increased predation risk and an animal's foraging needs. It can be asked what that new level will be, or, basically, how much will elk and bison trade foraging effort for safety in the face of an increase in predation risk?
With regard to how prey may respond initially to a new predator, Hunter and Skinner (1998) (Hunter and Skinner 1998) . Thus, the question of exactly how much foraging effort a prey will sacrifice in the face of an increase in predation risk remains unanswered. The release of wolves into Yellowstone National Park provided a similar design to that of Hunter and Skinner (1998) for testing the two predictions. Park personnel released 20 wolves, mainly in the Lamar Valley region (Fig. 1) , where wolves quickly established territories in different areas of the valley (Fig. 1) . Consequently, during the first few years, some of the Park's elk and bison were exposed to wolf predation, while others in different areas still lived in a wolffree environment and could act as a control. In subsequent years, wolf numbers increased (estimated to be >100 by 2000; J.C. Halfpenny and D. Thompson, unpublished data) and they expanded into the wolf-free areas. This expansion allowed us to make comparisons between areas before and after the wolves arrived and these initial wolf-free areas. We tested the first prediction, that vigilance would increase in response to the presence of wolves, by comparing the percentage of time that focal animals in wolf and non-wolf areas were vigilant (head up surveying area; Berger and Cunningham 1994; Hunter and Skinner 1998) during 30-min (elk) and 20-min (bison) sample blocks. To test the second prediction that vigilance would eventually stabilize, we collected data annually for the first 5 years after the reintroduction.
The results of testing these two predictions could help determine the short-and long-term nonlethal impacts of wolves on elk and bison. Additionally, they could further our understanding of the role played by predation risk in the foraging strategies of large ungulate prey species.
Methods
Yellowstone National Park is an extensive area of forested and open grassland habitat. Because of the long history of the park, elk and bison can be observed readily in most areas of the Park along the several roads that connect the various tourist attractions. Observations were made of elk and bison exposed to predation by wolves in the Lamar Valley (Fig. 1) . Wolf-free areas were selected on the basis of data provided by the Park Service on the occurrence of the wolf packs within the Park. Primary wolf-free areas were near Hayden Valley, Swan Lake Flat, and Gibbon Meadows (Fig. 1) .
We made our observations from existing paved roads within each of these areas. We drove along the roads until we located elk or bison actively feeding. We then stopped along the road to make our observations. Distances of animals from the road varied from <20 m to ≈2.0 km. For animals close to the road, we parked no less than 50 m distant to insure that we were not affecting their behavior. If there was any indication that our presence or the presence of others was having an effect, we discarded these data. For animals farther from the roads, we made our observations with the aid of variable-power spotting scopes. A given observation bout consisted of first selecting an individual animal that was actively feeding. For small groups of animals (<10), we stayed long enough to observe all of the animals. For larger groups, we attempted to balance our observation of animals in all locations (center or periphery) of the group. We monitored the chosen animal until it stopped feeding and lay down, or for a maximum of 30 min for elk and 20 min for bison. We discarded the data when an animal lay down for <20 min for elk or <15 min for bison after initiation of observations. Analysis of preliminary field data indicated that 20-30 min was sufficient time to obtain a stable running mean of the percentage of time spent vigilant for elk and 15-20 min was adequate for bison. During the period of observation, we maintained visual contact with the animal continuously and recorded the starting and ending times when an animal raised its head to survey. When an animal raised its head, we distinguished between whether it was standing and looking around (vigilant) (Hunter and Skinner 1998) , moving to another feeding spot, or engaged in some maintenance behavior (grooming, nursing a calf, etc.). From such observations, we calculated the time (in minutes) spent vigilant, feeding, and in other behaviors by summing all blocks spent performing each behavior. To test the two predictions, we only used the time spent vigilant; however, we also analyzed the time spent feeding to determine if changes in vigilance level were made at the expense of feeding.
Predation risk is potentially affected by a variety of factors, such as the types of predator present, time of year/day, group size, or distance of individuals from forests. We considered the type of alternative predators (grizzly bears, coyotes) to be standardized simply because they were regularly seen in all of our observation areas. Although preliminary data indicated few changes in behavior over spring-summer (unpublished data), we minimized possible variation due to seasonal effects by concentrating our sampling in late May -early June. This time was chosen because it is when the elk and bison are concentrated in the Lamar Valley, and if animals are going to show a behavioral response to the presence of wolves, it should be highest during this period. Possible effects of time of day, herd size, and location (distance from roads/forests) were reduced by stratifying the samples a priori to include balanced samples from each of these categories for both wolf and non-wolf areas. Because of all these considerations, it was felt that our design should adequately test the main treatment: absence and presence of wolves. However, as others have reported that herd size can have a significant influence on vigilance levels (Elgar 1989; Bednekoff and Ritter 1994) , we did test for this effect to determine if it might be biasing our estimates. Data collection was limited to adult animals, and target sample sizes per year were 20 males, 20 females with young, and 20 females without young in each of the areas with and without wolves. Because predator lethality and encounter rates may vary among different social classes, division into social classes allowed us to test the separate responses of each group. Analyses of running means of the percentage of time spent vigilant for all social groups indicated that the means stabilized around 15 samples, so 20 samples were considered adequate to test for differences. Observations on elk were made in 1996-2000. Bison were observed in 1998-2000. Within a given sample year and area, an effort was made not to resample any given animal. Normally, we were able to distinguish among individuals in small groups according to their location within the group. For larger groups, we were confident we did not resample given animals during the same day. It is possible that we resampled the same animals on subsequent days, but because of the group size we felt that the probability was low.
Although the exact amount of time (in minutes) animals spent vigilant was recorded, the percentage of time spent vigilant during the observation block was analyzed. Percentage was used to allow comparisons of unequal time blocks. Statistical comparisons were of the arcsine-transformed percentages of time animals spent vigilant in areas with and without wolves. The statistical null hypothesis was that no difference existed in percentages of time spent vigilant between areas (wolves vs. no wolves), among social categories (males vs. females with calves vs. females without calves), and among years. We used SigmaStat ® version 2.0 (Quinton et al. 1995) software for all our statistical calculations.
Results
Group sizes for elk and bison ranged from one individual to several hundred individuals. When we tested for groupsize effects on vigilance rates, we found no correlation for any of the three social classes of elk or bison. Based on these results, we did not adjust for group size in our further analyzes.
For elk, results of three-way analysis of variance tests indicated significant differences in the three levels: social status (F [2, 639] = 104.2, P < 0.001), exposure to wolves (F [1, 369] = 20.6, P < 0.001), and year (F [4,639] F = 8.5, P < 0.001). There were also significant interactions: year × exposure (P = 0.002), year × status (P < 0.001), status × exposure (P = 0.002), and year × status × exposure (P < 0.001). Based on the results of the multiple comparisons, we determined the following patterns of annual changes in vigilance levels of each social class and interpreted them relative to our two predictions of increasing (No. 1) but eventually stabilizing (No. 2) vigilance levels in response to increased predation risk.
The clearest pattern seen was for males (Fig. 2) . Male vigilance levels averaged 12.8% (SE = 1.3; n = 10) and did not differ between wolf and non-wolf areas or over years. The higher vigilance levels seen in males in the wolf areas in 1997 may be attributed to the extremely small sample (6) for that year. Thus, the data for males did not support our initial predictions. Females without calves in the areas without wolves also maintained vigilance levels similar to those of males over the first 4 years (11.5-16.7%) but significantly increased their vigilance by the fifth year (30.5 ± 2.8%; Fig. 2 ). Their counterparts in the areas with wolves, however, had a higher vigilance level (18.5 ± 2.9%) the first year after the reintroduction (Fig. 2) and it increased to 35.2 ± 3.6% by the second year, then stabilized for 2 of the subsequent 3 years (Fig. 2) . Thus, the data from females without calves supported the two predictions. The most responsive social group overall was the females with calves (Fig. 2) . This group had a significantly higher vigilance level than the other two groups in the first year, even in areas without wolves (20.1 ± 3.5%). In these areas they maintained that vigilance level through the second year (19.1 ± 3.0%). By the third year, wolves had moved into most of the areas previously without wolves (J.C. Halfpenny and D. Thompson, unpublished data) and, as predicted, vigilance increased to 33.6 ± 3.4% and eventually to 43.0 ± 5.9% by the fifth year. In the areas with wolves, females with calves had higher vigilance levels by the first year after the reintroduction (26.4 ± 3.8%), as predicted. Levels increased significantly by the second year (47.5 ± 4.1%) but then, as predicted, stabilized. In all cases where there was an increase in vigilance, we found a corresponding decline in the percentage of time spent foraging (Fig. 3) .
With regard to bison, we did not collect data for the first 2 years after the wolf reintroduction; however, for the third, fourth, and fifth years after reintroduction, we did find significant differences in vigilance levels among social classes (F [2, 313] = 13.3, P < 0.001), between wolf and non-wolf areas (F [1, 313] = 7.1, P = 0.008), and among years (F [2, 313] = 4.7, P = 0.009) (Fig. 4) . We also found significant interactions for year × exposure (P = 0.048), year × status (P = 0.03), status × exposure (P = 0.001), and year × status × exposure (P = 0.002). When we examined the data for bison, we saw a pattern similar to that of the elk. Over the 3 years, contrary to the prediction, male bison maintained equal and low vigilance rates in the areas with and without wolves (5.0 ± 0.8 vs. 8.0 ± 0.9%). Females without calves in the areas without wolves had similar vigilance levels (9.6 ± 2.0%) to males. Data from females without calves in areas with wolves initially supported the predictions, their vigilance level the first year being 15.6 ± 2.6%, but their vigilance levels declined to 5.7-6.8% during the next 2 years (Fig. 4) . Females with calves in areas without wolves had vigilance levels similar to those of males and females without calves (9.1 ± 1.4% over 3 years) (Fig. 4) . As predicted, females with calves in areas with wolves had the highest vigilance level all 3 years: 18.9 ± 2.5% (Fig. 4) . As with the elk, increases in vigilance levels were accompanied by corresponding decreases in foraging (Fig. 4) .
Discussion
Although various authors have reported a negative correlation between vigilance levels and group size (group-size effect) in ungulates (Lagory 1986; Elgar 1989; Bednekoff and Ritter 1994; Hunter and Skinner 1998) , this effect was not found in our study. The idea of the group-size effect is an appealing one: individuals in a group cooperating to gain the common benefit of a reduced need for vigilance. In reality, however, the empirical evidence for such cooperation is not convincing. Elgar (1989, p. 28) , in his review of field evidence obtained from birds and mammals, concluded that most correlations were weak, with high amounts of unexplained variation, and thus "failed to provide convincing evidence that individuals …alter their scanning rates as a direct result of changes in group size." Additionally, Lima (1995) found no support for the two essential elements of the groupsize effect: collective detection and behavioral monitoring. In our study, the lack of a negative correlation in either species and in the three social groups seems to support the suggestion that a reevaluation of the group-size effect is in order (Lima 1995) .
Regarding our first prediction, results from our study concur with those of Hunter and Skinner (1998) , supporting the hypothesis that when faced with the added predation risk, elk and bison would, in general, initially respond with increased vigilance. Also, as seen in Figs. 3 and 4 , this increase in vigilance occurs at the expense of foraging effort. This prediction was supported not only by the initial difference in vigilance levels seen in females in the first year but also by the increase in vigilance seen in female elk in wolf areas in the second year and by the changes in vigilance seen in female elk in areas originally without wolves. By 1998, wolves had begun to expand their movements into the original non-wolf areas, and by 2000 had become well established in several areas (J.C. Halfpenny and D. Thompson, unpublished data). As female elk with calves should be the most sensitive to these movements (for them, predator lethality is highest), it is not surprising that this social group responded the quickest as wolves moved into the new areas.
Female elk without calves, however, followed, with higher vigilance levels by the fifth year.
Although, in general, elk and bison responded to the presence of wolves, we found significant differences among the social classes in their responses to the original predation risks (grizzly bears and coyotes) and to the added risk from wolves. With respect to the differences we saw among social classes in the non-wolf and wolf areas, we propose the following possible explanations. Predation risk is influenced directly by the rate of encounter between a prey and a predator and the lethality of the predator in the absence of vigilance by the prey, and indirectly by the effectiveness and rate of vigilance (Brown 1999; Brown et al. 1999) . When wolf-free areas are considered a baseline for pre-wolf conditions, the predation risk can be considered low (Grizzly bears) and equal to those incurred by males and females without calves. Encounter rate, predator lethality, and the effectiveness of vigilance would all be similar and, thus, so would the optimal rate of vigilance. Thus, as might be predicted, we saw no differences in vigilance levels between males and females without calves. Females with calves, however, would incur a higher predation risk because of calves' vulnerability to coyotes and bears, i.e., predator lethality and encounter rate would be higher. To counter this higher predation risk and increase the chances of survival of their young, females with calves should sacrifice some of their feeding efficiency for increased surveillance. Because predator lethality would likely be higher for elk, they should respond more than bison females with calves. Thus, the higher surveillance rates we observed for this group are expected, even in the absence of wolves. These results concur with those obtained for impala and wildebeest by Hunter and Skinner (1998), who found that impala, the smaller species, was more vigilant in general and showed the greatest differences between females with young and the other two social classes.
Consider now the changes in the landscape of fear resulting from the wolf reintroduction. First, at the initial release site, the rate of encounter with predators, predator lethality , and thus predation risk would be expected to increase for all social groups, and an increase in vigilance would be expected. However, we saw no such response from male elk and bison. We propose two possible explanations. Reproductive success in males depends on maintaining a maximum body mass. Thus, males have more to lose from a reduction in feeding than they gain from increased surveillance. It does no good to avoid predation at the expense of reproductive success, so males may be willing to take greater chances. An alternative explanation is that males face a lower risk of predation by wolves because of their larger size, i.e., predator lethality is reduced. This is likely true for male bison. For male elk, recent data on the sex composition of elk killed by wolves in the Park indicate fewer males being taken (29% females vs. 18% males; Smith et al. 2000) . However, Houston (1982) estimated adult sex ratios for elk in the Park to be 26-44 males per 100 females. If this is still a reasonable estimate, then proportionally, predator lethality for males is approximately equal to that of females. As wolves are able to successfully kill adult elk of both sexes, the first explanation for the non-responsiveness in males seems more likely.
The increase in surveillance by female elk and bison without calves when they are exposed to wolves can be understood if we consider that females are assured of a chance to mate even when they are in a lowered nutritional state. But they must survive to the next year. Consequently, this group has more to lose than males if they do not counter the increased predation risk with increased vigilance. Females with calves also have investment in possible future reproductive events, but they also require the immediate survival of their current and most vulnerable investment, their offspring. It would seem logical that we should see a greater increase in wolf areas over wolf-free areas in this social group than in other females.
With regard to annual changes in vigilance levels seen in the two female social groups of elk in the wolf area, by the second year females with calves had increased their vigilance rates from 20.1% (based on data from non-wolf areas) to 47.5%. This social group was sacrificing almost half of its foraging effort for safety, assuming that other lost-opportunity costs were minimal. Females without calves exhibited a similar pattern. Unfortunately, we did not collect data on bison during the first 2 years. However, it seems realistic to assume that vigilance rates increased in a similar fashion but at a smaller scale: for instance, females with calves increased their vigilance from 13.3% to at least 22.4% (third-year data). The data indicated, then, that it takes at least 2 years before vigilance levels begin to stabilize. This lag time is likely related to the imperfect information possessed by animals on the lethality of wolves ) and the increasing encounter rates as wolves increased in number (from the original 20 in 1995 to approximately 56 in 1997 and eventually <100 by 2000; J.C. Halfpenny and D. Thompson, unpublished data). Again, as predator lethality would be highest for female elk with calves and lowest for female bison without calves, we would expect to see the following ordering of responses: female elk with calves > female elk without calves > female bison with calves > female bison without calves.
By the third year of the study (1998) we found the vigilance level for female elk to be approximately the same or slightly less than the year before. However, by the fourth year (1999) we found that female elk without calves and both bison social groups had significantly reduced their vigilance levels. We propose two possible but not mutually exclusive reasons for these declines. First, it is possible that after 2 years of experience with wolves, these social groups have learned how to reduce the predation risk, through habitat shifts, changes in group dynamics, formation of "pods" (Carbyn and Trottier 1987) , etc., and thus reduce the level of vigilance needed. A second explanation is based in the fact that most of the predation by wolves centers on elk calves (39%; Smith et al. 2000) . Rates of encounter with predators for these three social groups (female elk and bison without calves and bison with calves) is likely low, especially during the spring. Thus, after their initial response to wolves as a new, unpredictable predation risk, we propose that these animals adjusted their vigilance levels on the basis of the rates of encounter with wolves that they experienced and a reassessment of predator lethality. The fact that female elk with calves still maintained their high vigilance levels in the fourth year supports this second hypothesis. The increases in vigilance for female elk without calves and female bison with calves in the fifth year argue against this hypothesis. Perhaps, because of higher numbers of wolves (-100 by 2000; J.C. Halfpenny and D. Thompson, unpublished data) and fewer elk calves (personal observation), wolves increased their attacks on these two groups.
Lastly, with regard to the changes in vigilance levels for female elk with and without calves in the previous non-wolf areas, female elk with calves were the first to respond to the movement of wolves to other areas of the Park. This social group responded by the third year, while female elk without calves had only begun to respond in the fourth year (Fig. 2) . As predator lethality and encounter rates would be higher for this group, such a reaction would have been predicted. It is interesting to note that by 2000, vigilance levels of these two female groups were similar to those of their counterparts in the original wolf areas. Thus, the answer to the question of just how much foraging effort female elk will sacrifice seems to be approximately 30% for females without calves and 40% for females with calves. This represents a decrease in foraging effort due to the presence of wolves of approximately 20% for both groups.
In general, our results for elk and bison correspond to those of Hunter and Skinner (1998) for impalas and wildebeest. One main difference is that they found males of both species responding to the risk of predation from lions and cheetahs. The reason for this difference is unclear but is likely related to differences in predator lethality, which is determined according to the prey , between the systems; for instance, Fitzgibbon (1990) found that cheetahs preferred male gazelles (Gazella thomsoni) in the Serengeti National Park. Another difference between the results of the two studies is the increase seen in vigilance. Hunter and Skinner (1998) found vigilance rising to a maximum of only 20% in female impala with young. These results could again be related to differences in predator lethality and encounter rates. However, their study only extended 9-10 months after the release of lions and cheetahs, and this was likely not enough time to evaluate the total impact on vigilance. In contrast to our results, others (Carbyn and Trottier 1987; Berger and Cunningham 1994) report little increase in vigilance by bison except when under immediate attack. In these studies, bison have been exposed to wolves continuously (for decades) and likely have already made the behavioral adjustments that may have led to the reduction in vigilance which we saw by the fourth year in our study.
In conclusion, as foraging theory predicts, the reintroduction of a predator into the system will result in a major increase in vigilance levels. What are the implications of these changes? For females with calves, we predict that unless they compensate (e.g., longer feeding bouts, shifts in feeding times, locations, etc.), reductions of 20% in foraging effort could have a significant impact. Predictions include (i) lower body masses or reduced fat content of females; (ii) lower survival rates of adults and young of the year during stress periods such as winter; and (iii) lower birth masses of calves in the spring. If additional fieldwork supports these predictions, then it can be concluded that fear of predation not only controls the foraging patterns of individuals but can have significant consequences for the population level.
What might be some of the impacts of this on the Park ecosystem? Wolves have reestablished a landscape of fear in which animals, in their effort to reduce their vulnerability to predation by wolves, have increased their levels of vigilance. These animals should also adjust their time allocation, spending more time in areas with lower predation risk, the new-found valleys of the landscape of fear. As elk and bison seek out these valleys, we predict a major change in how they use the Park habitat. Such changes could include temporal and spatial shifts in habitat use, e.g., avoiding higher risk areas. We further predict that if these shifts in use patterns occur, they will lead to significant changes in vegetative composition as plants are "released" from grazing pressure in the high-risk peaks of the landscape. Our work has demonstrated the first step: elk and bison are responding behaviorally to the reintroduction of wolves. As our findings corroborate those of Hunter and Skinner (1998) , they demonstrate that this behavioral change is an important first response to alterations in the landscape of fear. Further work needs to center on how that behavioral response may translate into effects at the population, community, and ecosystem levels.
